This paper provides an estimation of the reaction of firm-level exports consecutive to real exchange rate movements, the exchange rate elasticity of exports. Following recent theoretical works emphasizing the role played by firm heterogeneity, we test in particular how the exchange rate elasticity may be affected by firm-level productivity, and how the heterogeneous reaction of different firms may contribute to shape the aggregate reaction of countries' exports. The analysis relies on a unique cross-country micro-based dataset of exporters available for 11 European countries (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011), which details in particular information about firms' productivity and export performance. Our results show that while the average exchange rate elasticity across firms is quite weak, it is also highly heterogeneous. The least productive firms within each country and sector tend to react more to real exchange rate movements than the most productive firms. This weak reaction of highly productive and large exporters tends to reduce the macroeconomic exchange rate elasticity in all countries. Cross-country differences in the shape of the productivity distribution among exporters have a strong influence on the macroeconomic exchange rate elasticity: countries populated with a higher density of low productive firms tend to respond more to exchange rate movements in terms of aggregate exports than countries populated with highly productive exporters.
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NON-TECHNICAL SUMMARY
In this paper, we use a unique cross-country micro-based dataset of exporters available for 11 European countries (2001 European countries ( -2011 to investigate how firms' exports react to real exchange rate movements, and how this reaction may be driven by their productivity level. We then combine the estimated firm-level exchange rate elasticities with information about the microeconomic structure of each country's exports to predict the macroeconomic exchange rate elasticity for each of these countries. While we do not have direct access to firm level data, this dataset reports detailed information about firms' activity related to exports by productivity classes (deciles) defined within each country, sector and year. This information allows us to identify in particular, for each country and sector, the distributions of exporters' productivity as well as their export performance (level or growth). CompNet data, Manufacturing (2001 In our empirical investigations, the exports growth of each firm is explained by real effective exchange rate movements in the exporting country, an indicator of foreign demand, a control for the euro membership, and a set of fixed effects controlling for unobserved heterogeneity. We consider both real effective exchange rate (REER) variations based on relative unit labor costs (ULC) and consumer price index (CPI) changes, as they reveal different but complementary information regarding changes in production costs and prices. Our sample of 11 countries from "Western" Europe (Belgium, France, Italy, Portugal and Finland) and "Eastern" Europe (Estonia, Hungary, Lithuania, Poland, Slovenia, and Slovakia) offers us a wide variety of shocks over recent years and a sufficient variance for identification. 
Average change in exports in value terms following a 10% increase in the REER. Productivity scale defined by country and sector. Estimations based on

Impact of a 10% real exchange rate appreciation on European firms' exports
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iii The benchmark average microeconomic elasticity obtained from our estimations ranges from about -0.5 (ULC-based REER) to -0.8 (CPI-based-REER): a 10% appreciation of the real effective exchange rate tends to reduce the exports value in euros of the average firm by 5% to 8%. We find that the reaction of the average firm to REER variations hides substantial heterogeneity within a given sector and country. The elasticity obtained for least productive firms (the bottom 20% of the productivity distribution in each country sector and year) is three times higher than for the most productive firms (the top 20% productive firms) when we consider the CPI-based REER, and eight times higher when we consider the ULC-based REER. We confirm the role played by productivity heterogeneity when firms are ranked based on a European distribution of productivity within each sector rather than on a country-specific productivity distribution: the least productive European exporting firms are on average more responsive to exchange rate movements compared with the most productive ones.
Based on an aggregation exercise using the export shares by firm-productivity class, we find that real effective exchange rate variations have a large impact on aggregate exports in countries populated with a high density of low productive firms, and a weak impact in countries populated with a small density of low productive firms. This result suggests that relative price changes may have only a weak effect on exports in mature European economies.
Mouvements de taux de change, exportations des entreprises et hétérogénéité
RÉSUMÉ
Cet article propose une estimation de l'impact des mouvements de taux de change sur les exportations des entreprises. Nous examinons le rôle joué par la productivité des entreprises, qui peut modifier leur réaction face aux mouvements du taux de change, et l'impact de cette hétérogénéité sur l'ajustement des flux de commerce à l'échelle macroéconomique. L'analyse repose sur une base de données unique d'exportateurs, disponible pour 11 pays européens (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , qui détaille en particulier la performance à l'exportation des entreprises et leur niveau de productivité. Les résultats montrent que l'élasticité moyenne estimée au niveau microéconomique est assez faible mais aussi très hétérogène entre entreprises. Dans chaque pays et secteur, les entreprises les moins productives réagissent davantage aux variations du taux de change que les entreprises très productives. La faible réaction des entreprises les plus productives, également plus grandes, tend à limiter l'élasticité des flux de commerce aux variations du taux de change à l'échelle macroéconomique. Les différences entre pays relatives à la forme de la distribution des productivités d'exportateurs ont également une influence forte sur cette élasticité : dans les pays disposant d'une forte densité d'entreprises peu productives, les exportations tendent à réagir davantage aux variations du taux de change que dans les pays disposant au contraire d'une forte densité d'entreprises très productives.
Introduction
The widening of current account imbalances before the Great Recession, and their persistence during the crisis, has been an important source of concern for policy makers (IMF, 2014 (IMF, , 2016 .
As the process of current account re-balancing requires relative price adjustments in deficit and in surplus economies, the debate regarding the value of the exchange rate elasticity -a key parameter for making any quantitative assessment in macroeconomic models -has also regained interest. Estimations based on macroeconomic time series data have found that aggregate trade volumes tend to respond only weakly to exchange rate movements (Goldstein and Khan, 1985; Hooper et al., 1998) . 1 Country-level estimations also conclude that there is a substantial cross-country heterogeneity of this elasticity (Morin and Schwellnus, 2014; IMF, 2015) .
Among different factors that may attenuate the reaction of aggregate exports volumes consecutive to exchange rates movements, recent contributions based on heterogenous firms' trade models have emphasized the role played by the incomplete exchange rate pass-through into export prices by large productive firms (Rodriguez-López, 2011; Berman et al., 2012) . 2 The implications of this result for the aggregate exchange rate elasticity are twofold. Firstly, at the intensive margin, a greater concentration of aggregate exports into more productive firms is expected to attenuate the exchange rate elasticity. Secondly, at the extensive margin, different countries may be impacted differently by real exchange rate movements, due to differences in the shape of productivity distribution among the population of exporters. Testing for the relevance of these two channels for cross-country comparisons requires, however, detailed information on the population of exporters located in different countries, and such information is usually not available.
In this paper, we use a unique cross-country micro-based dataset of exporters available for 11 European countries (2001 European countries ( -2011 to investigate how the reaction of firm-level exports to real exchange rate movements may be affected by their productivity level. We then combine the estimated firmlevel exchange rate elasticities with information about the microeconomic structure of each country's exports to predict the macroeconomic exchange rate elasticity for each of these countries. 3 While we do not have direct access to firm level data, this dataset reports detailed information about firms' activity related to exports by productivity classes (deciles) defined within each country, sector and year. This information allows us to identify in particular, for each country and sector, the distributions of exporters' productivity as well as their export performance (level or growth). To the best of our knowledge, our paper is the first that investigates the role played by productivity heterogeneity, within and between countries, for the determination of the exchange rates elasticity, in a disaggregated multi-country setting.
An important feature of the dataset used in our empirical investigation is that we can observe, for each country, sector, productivity-decile and year, the average growth of exports (in log difference)
1 Estimations relying on firm-level data have confirmed the weakness of the exchange rate elasticity (Fitzgerald and Haller, 2014) .
2 Berman et al. (2012) provide theoretical predictions and empirical evidence of this mechanism in the case of France, as well as a quantification of the aggregate exchange rate elasticity in the case of a single country.
3 See for more details on the dataset.
by firms classified in a specific cell between two consecutive years. Throughout the paper, we will refer to "firms", being a representative business identified by detailed cells in the dataset (countrysector-year and productivity-decile). In our empirical investigations, the exports growth of each firm is explained by real effective exchange rate movements in the exporting country, an indicator of foreign demand, a control for the euro membership, and a set of fixed effects controlling for unobserved country, sector, productivity-class and year characteristics. We consider both real effective exchange rate (REER) variations based on relative unit labor costs (ULC) and consumer price index (CPI) changes, as they reveal different but complementary information regarding changes in production costs and prices. Our sample of 11 countries from "Western" Europe (Belgium, France, Italy, Portugal and Finland) and "Eastern" Europe (Estonia, Hungary, Lithuania, Poland, Slovenia, and Slovakia) with information reported before and during the Great recession up to 2011 offers us a wide variety of shocks and a sufficient variance for identification.
Our estimation results can be summarized as follows. Firstly, the benchmark average microeconomic elasticity obtained from our estimations ranges from about -0.5 (ULC-based REER) to -0.8 (CPIbased-REER): a 10% appreciation of the real effective exchange rate tends to reduce the exports value in euros of the average firm by 5% to 8%. This microeconomic elasticity is in line with different estimations provided in the literature based on firm-level data for different countries such as France (Berman et al., 2012; Fontagné et al., 2017) or Ireland (Fitzgerald and Haller, 2014) . Secondly, we find that the reaction of the average firm to REER variations hides substantial heterogeneity within a given sector and country. The elasticity obtained for least productive firms (the bottom 20% of the productivity distribution in each country sector and year) is three times higher than for the most productive firms (the top 20% productive firms) when we consider the CPI-based REER, and eight times higher when we consider the ULC-based REER. These results are robust to alternative estimation techniques and robustness tests: alternative sets of fixed effects, alternative definition of productivity thresholds for exporters, control for the effect of twoway exporters or non-permanent exporters (switchers) or for the effect of the degree of upstreamness of a given country x sector in the global value chains (GVCs). These results are consistent with the empirical findings for France presented in Berman et al. (2012) . Thirdly, we confirm the role played by productivity heterogeneity when firms are ranked based on a European distribution of productivity within each sector rather than on a country-specific productivity distribution: the least productive European exporting firms are on average more responsive to exchange rate movements compared with the most productive ones.
These results imply that firm-heterogeneity in terms of productivity matters for the determination of the macroeconomic exchange rate elasticity in each country. Firstly, differences in the concentration of aggregate exports into more productive firms across countries matter, as a greater concentration of exports into more productive firms tends to attenuate the reaction of aggregate exports consecutive to REER movements. Secondly, differences in terms of the distribution of firms' productivity levels across countries can also have a strong influence, as less productive European firms tend to be more sensitive to REER movements.
To illustrate these two mechanisms, we proceed with an aggregation exercise where we compute two alternative macroeconomic exchange rate elasticities for each country. This quantification exercise, which is based on the firm-level reaction to exchange rate movements allows us to assess which type of heterogeneity matters for cross-country comparisons.
In a first step, we consider only the role played by cross-country differences in terms of the concentration of aggregate exports among top productive firms. The macroeconomic elasticity is defined as a weighted average of the microeconomic elasticities obtained when firms are ranked in terms of productivity within each country and sector. In each country, the very high concentration of aggregate exports into the most productive firms tends to attenuate the reaction of aggregate exports consecutive to REER movements: we obtain an elasticity of about -0.7 when we consider the CPI-based REER, and about -0.3 when we consider the ULC-based REER. However, accounting for the role of within-country heterogeneity in terms of productivity generates only little crosscountry differences in terms of macroeconomic exchange rate elasticities, as similar concentration of aggregate exports into top productive firms is observed in all countries of our sample.
In a second step, we account for the cross-country differences in terms of productivity distributions. As more heterogeneity is observed across countries, our quantification exercise generates large differences in terms of the macroeconomic exchange rate elasticity. In this exercise, the CPI-based REER elasticity ranges from -0.7 to -0.9, whereas the ULC-based REER elasticity ranges from -0.1 to -0.7, with Western European countries being less responsive to REER movements, and Eastern European countries more responsive. In estimations based on aggregate trade data for our sample of countries, we confirm that real exchange rate movements have a weaker impact on exports in countries populated with more productive exporters.
Overall, these results imply that while cross-country differences in the aggregate exports concentration among most productive firms are too weak to generate significant heterogeneity in macroeconomic exchange rate elasticities, differences in terms of productivity distributions at the extensive margin play a major role. Real effective exchange rate variations have a large impact on aggregate exports in countries populated with a high density of low productive firms, and a weak impact in countries populated with a small density of low productive firms. This result suggests that relative price changes may have only a weak effect on exports in mature European economies.
Related literature. This paper contributes to the empirical research in international economics that has focused on the estimation of the "trade elasticities", using both macroeconomic or microeconomic data and different empirical strategies. Of particular interest is a key parameter used to calibrate international macroeconomic models, the "Armington elasticity", that determines the substitutability between domestic and foreign goods.
Different empirical strategies have been used in the literature to estimate the price elasticity of domestic relative to foreign goods. These estimations, based on variations of trade prices, tariffs applied on foreign imports, or exchange rates, have produced both small and large elasticities. This generates a great uncertainty for the calibration of macroeconomic models, which is referred to as the "international elasticity puzzle" (Ruhl, 2008) . 4 On the one hand, structural estimations of the price elasticity of demand (Feenstra, 1994; Simonovska and Waugh, 2014; Mejean, 2015, 2016) , as well as firm-level reduced-form estimation of the price elasticity of exports (Fontagné et al., 2017) or reduced-form estimations based on differences in tariffs applied on foreign imports (Buono and Lalanne, 2012; Fitzgerald and Haller, 2014; Caliendo and Parro, 2015; Bas et al., 2015; Berthou and Fontagné, 2016) have obtained quite large numbers (often -5 on average or even larger).
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On the other hand, and as discussed above, estimations relying on exchange rate fluctuations typically provide small values for the exchange rate elasticity in aggregate or disaggregated trade data (Bussière et al., 2016) , or when micro firm-level data are used (Berman et al., 2012; Chatterjee et al., 2013; Fitzgerald and Haller, 2014; Li et al., 2015) . 6 Berman et al. (2012) and Li et al. (2015) show in the cases of France and China respectively that exports by highly productive firms tend to respond less to exchange rate fluctuations than exports by low productive firms.
Previous empirical work has shown that the supply conditions in the exporting country may modify the reaction of aggregate exports consecutive to exchange rate movements. There is for instance an important role played by frictions in labor or capital markets (Berman and Berthou, 2009 ).
Other works have emphasized different reasons why aggregate exports and exchange rates might be disconnected. They highlight the role of trade costs (Berthou, 2008) , firm-level adjustment costs that tend to generate a weak elasticity in the short run (Alessandria et al., 2014) , firm-level imports which provide a natural hedging to exporters against exchange rate fluctuations (Amiti et al., 2014) , firm selection into different export markets (Bas et al., 2015) , specialization due to cross-industry heterogeneity in terms of the price elasticity of demand (Imbs and Mejean, 2016) , or the aggregation bias which generates a wedge between estimations of the price elasticity based on aggregated or disaggregated trade data (Imbs and Mejean, 2015) . Our paper instead measures the role played by the underlying microeconomic structure of exports, and in particular the role played by exports concentration and differences across countries in terms of the shape of the firm-level productivity distribution. To the best of our knowledge, only our dataset allows to identify the role of these factors, as this requires measuring the productivity of exporters for several countries, and this information is usually not available.
Standard heterogeneous firms trade models such as Melitz (2003) or Chaney (2008) with monopolistic competition, CES preferences and ad-valorem trade costs do not allow for an heterogeneous response of exporters consecutive to changes in exchange rates. Different reactions by firms requires different pricing strategies, which is possible when exchange rates also modify firm-level markups, as in the frameworks developed by Rodriguez-López (2011) with a translog demand system, or by tions. Most of the papers in this literature on trade elasticities rely on theoretical frameworks assuming a constant elasticity of substitution (C.E.S.) between varieties. For instance, Feenstra et al. (2014) rely on a nested C.E.S. preference structure, allowing a combination of a micro elasticity between different varieties of a foreign good, and a macro elasticity between home and foreign goods. The uncertainty regarding the calibration of the Armington elasticity has been acknowledged by the international business cycles literature, which shows that the choice of the parameter can have dramatic consequences on the outcome of a simulation (Corsetti et al., 2008; Bodenstein, 2010; Drozd et al., 2014) . 5 Such parameters have been used f.i. to simulate the gains from trade liberalization in general equilibrium models (Arkolakis et al., 2012) .
6 Different papers have investigated the role of nominal exchange rate volatility and shown that it tends to reduce firm-level exports (Héricourt and Poncet, 2015) Berman et al. (2012) using market specific distribution cost combined with a CES demand system, or a linear demand system as in Melitz and Ottaviano (2008) . In their model, highly productive exporters absorb part of the exchange rate variation by changing the export price expressed in the exporter's currency (leaving the export price in the importer's currency unchanged), which limits the reaction of export volumes.
7 Our results confirm that productivity plays an important role in determining the microeconomic response of exporters consecutive to exchange rate movements, and that this result has important implications for assessing the effect of exchange rate movements on aggregate exports in different countries.
While the focus of our paper is mostly on the variation of firm-level exports (the intensive margin), different works have emphasized the role played by firms' entry and exit in aggregate exports and shown that this channel only represent a small fraction of aggregate exports growth in the short run (Eaton et al., 2007) . In an aggregation exercise, Berman et al. (2012) show that the extensive margin contributes to about 10% of the reaction of aggregate exports consecutive to exchange rate movement in the long run. Pappadà (2011) or di Mauro and Pappadà (2014) show that the contribution of the extensive margin depends on the shape of the distribution of firmlevel productivity within each country. 8 In the last part of the paper, we show that the number of exporters in each country is also affected by exchange rate movements, especially in European countries where exporters tend to be less productive.
Outline. The paper is organised as follows. Section 2 presents the data used in the analysis as well as descriptive statistics. Section 3 reports the estimation results for the average exchange rate elasticity of exports among European exporters. Section 4 presents estimation results highlighting the role played by productivity heterogeneity within each country. Section 5 presents results when different productivity distributions are allowed in different countries, and exporters are ranked on a European productivity scale. Section 6 details our aggregation exercise. Finally, section 7 concludes.
2 Data and descriptive statistics.
Three data sources are used in our empirical investigations: a firm-level exports and productivity dataset (CompNet), a country-level real effective exchange rate (REER) dataset, and bilateral trade dataset reported for each country pair and sector. The CompNet dataset. Firm-level information is based on the CompNet dataset, which was produced by the Competitiveness Research Network. We used mainly the "trade module" of the 7 Empirical evidence of the lack of exchange rate pass-through into import prices and theoretical explanations are provided in the Handbook chapter by Burstein and Gopinath (2014) . Incomplete exchange rates pass-through can be obtained in models with Bertrand competition (Atkeson and Burstein, 2008) or local distribution costs (Corsetti and Dedola, 2005) . Gopinath et al. (2010) , Casas et al. (2016) or Boz et al. (2017) explore the role played by nominal rigidities related to the choice of currency pricing and in particular US dollar pricing of import contracts.
8 In these two papers the productivity distribution is based on the full sample of firms in each country, whereas we focus on the population of exporters 9 By firm level, we refer to various moments of the distribution of a set of variables observed at firm level data in eleven European countries aggregated at the country -sector -productivity decile as mentioned in the introduction.
dataset, which provides information about the export performance of firms located in different European countries, sectors and productivity or size classes.
10 The Compnet dataset does not report micro-data at firm-level per se, but the statistical moments (average, variance, deciles etc.) calculated for a large set of variables of interest for firms located in different countries and operating within different sectors. This strategy allows to bypass the confidentiality rules that apply in each country. In our analysis, we will rely on "representative firms" within each country and sector: 10 representative firms based on 10 productivity deciles for which we have information on export performance. To ensure the greatest possible comparability of the computed indicators across countries, a common STATA do-file was circulated to each participating team to compute the set of variables of interest. Up to 17 countries are represented in the CompNet dataset, depending on the type of indicator considered.
As discussed above, most of the analysis presented in this paper relies on the "trade module" of the CompNet dataset, which is available for 11 countries and 22 manufacturing sectors (NACE 2-digits, revision 2) over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . In this module, information about the representative firms' activity is reported within cells characterized by a country, a sector, and a productivity decile (based on the apparent productivity of labor of firms). Each cell contains different moments of firm-level export variables. Our main variable of interest is the average of the log variation of firm-level exports between to consecutive years (t and t-1), which is defined by country of origin, sector and productivity class. In the analysis, variable V f ikt represents the total value of the firm's exports expressed in euros, f is the firm type corresponding to a productivity decile, i is the country of origin, k is the sector, t is the year. In each country×sector, we therefore have information about 10 representative firms every year. Importantly, the log variation of firm-level exports ∆ ln V f ikt was computed from the raw data at the firm-level, and then averaged within each country-sectorproductivity triplet, which ensures that the average growth rate of exports of the representative firm is not affected by composition effects due to entry into or exit from the export market. In the rest of the analysis, a "firm" will refer to one of the representative businesses that is observed in our dataset.
Some restrictions in this data need to be highlighted. Firstly, we based our analysis on the CompNet data files relying on firms with 20 employees or more. This ensures more comparability across countries, as different reporting thresholds may apply. Secondly, while we observe the country of origin (location) and sector of the firm, we do not observe in this dataset the destination of the exportation or the product exported. The information about the countries of origin of the representative firms, however, will offer us enough variance for the identification of the impact of real effective exchange rate variations on exports. We will be able in particular to assess with this information whether the microeconomic structure of exports matters for the determination of the aggregate exchange rate elasticity.
Real effective exchange rates. Real effective exchange rates are obtained from the Bruegel 10 More information on the dataset can be found on the research network's webpage, http://www.comp-net.org/. The network has prepared several descriptive and methodological papers on the creation and structure of the database. See Lopez-Garcia et al. (2015) for a general description and for a description of the trade variables within the dataset REER database (Darvas, 2012) . Two different REER variables are used: one based on Consumer Price Indices (CPI) and one based on Unit Labor Costs (ULC). CPI based REER are annual and computed using a broad index of 172 trading partners. ULC based REER is calculated against 30 trading partners for manufacturing sectors only. As ULC REER data is reported at a quarterly frequency in the Bruegel database, we use only the first quarter data of each year to compute the yearly REER growth rate. We will use both REERs, in turn, in order to check the sensitivity of our results to measurement issues. Different results for the ULC-based REER and the CPI-based REER elasticities will also be informative, as the ULC-based REER refers to costs which may be imperfectly passed through prices.
Foreign demand. Finally, controls for foreign demand in the export equation are computed based on the foreign absorption in trade partners, i.e. foreign imports and production minus exports. The foreign demand variable D ikt is computed based on information reported at the 2-digits sector level (NACE revision 2) in the World Input Output Database (WIOD, see Timmer et al. (2015) ). We construct the demand shifters as
, where V ijkt are bilateral exports from country i to country j in sector k at time t, V ikt are total export of country i in sector k, Y jkt is the production by country j in sector k, M jkt are total imports of country j in sector k, and X jkt are the total exports of country j in sector k. The weights are computed over the years 1998-2000, i.e. before the period of the analysis, to avoid endogeneity problems.
The main explanatory variables (the firm-level exports, the real effective exchange rate, and the foreign demand addressed to domestic producers) are expressed in log variation between two consecutive years (t/t-1): ∆ ln Z t = ln Z t − ln Z t−1 , with Z being one of the variables of interest. To reduce the noise associated with the measurement of the yearly variations of the real effective exchange rate and foreign demand between two consecutive years, we will use the average of the variations in years t and t-1 : ∆ ln Z t = 1 2 (∆ ln Z t + ∆ ln Z t−1 ).
Descriptive statistics. Table 1 reports the mean and standard deviations of the main variables of interest that are used in the analysis. Over the period of the analysis (2001-2011), a strong heterogeneity can be observed among the set of Eastern European countries and Western European countries in terms of real effective exchange rates variations. Countries such as Slovakia suffered indeed from a stronger real effective appreciation over the whole period on average (about 6% per year) compared with countries such as Finland, Poland or Portugal, which had no real appreciation on average. Eastern European countries experienced a more rapid exports growth, presumably due to a more rapid productivity growth, compared with Western European countries during the period of the analysis (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) .
The four charts reported in Figures 1 and 2 also highlight that different shocks to the real effective exchange rate can be exploited in the analysis for identification: most European countries appreciated in real terms before the crisis that started in 2008/2009, although at different speeds. Conversely, the crisis period was characterized by a real depreciation among the economies in our sample, though with some heterogeneity again: for example, the real effective exchange rate of Slovakia stabilized after the start of the crisis, whereas Poland was able to depreciate thanks to the flexibility of the exchange rate vis-à-vis eurozone countries.
Empirical challenges. The empirical strategy that will be presented in details in the next section will account for mainly two empirical challenges associated with the identification of the impact of real effective exchange rate variations on exports. Firstly, country and sector, or country times sector fixed effects will be controlled for in our estimated export equation in order to control for the role played by different productivity trends across the set of countries in our sample (i.e. Eastern versus Western European countries). The higher productivity growth observed in the East during the period of the analysis could indeed be correlated with the real effective exchange rate (due for instance to a Balassa-Samuelson effect), which would generate a biased estimation of the impact of the real effective exchange rate on exports. Secondly, time dummies will control for the general trend on the real effective exchange rate before and after the crisis. All the identification will therefore be obtained thanks to the divergence across countries in terms of the real effective exchange rate variation at each date.
3 The average response of firm-level exports.
Empirical methodology.
We start by providing an estimation of the average response of European exporters, consecutive to real effective exchange rates movements. To do so, we estimate Equation 1 below. This type of firm-level export equation is now standard in empirical trade studies using firm-level data (see for instance Fitzgerald and Haller (2014) ). For these estimations, we will use both measures of the real effective exchange rate based on relative Unit Labor Costs (ULC) across countries or Consumer Price Indexes (CPI). The main variable of interest is the variation of the REER variable in t-1 (we will consider in a robustness check both the REER variations in the current year and with one lag). As we control for country, sector, firm-type fixed effects as well as year dummies, all the remaining information used for the estimation comes from the variance across all these dimensions (i.e. across countries-and-sectors-and-firms).
In this equation, and as discussed in the data section, ∆ ln V f ikt is the yearly variation of the firm's total exports (firm productivity type f , country i, sector k, year t). ∆ ln REER it−1 is the variation of the real exchange rate lagged one year. ∆ ln D ikt is the variation of foreign demand. Euro it is a dummy variable controlling for the Euro membership. λ f , λ i , λ k and λ t are firm-type, country, sector and year fixed effects, respectively and ε f ikt is an error term clustered by country and year. Alternatively, we also consider a country×sector fixed effect instead of country and sector fixed effects taken separately. Finally, we will introduce an interaction term with the euro membership in one of our specifications, to test whether being a member of the eurozone can modify the exchange rate elasticity.
Estimation results.
The baseline estimation results are reported in Table 2 . In the first three columns (1 to 3), the real effective exchange rates variation is based on relative CPI variations, whereas in columns 4 to 6, the real effective exchange rate variations are based on relative ULC changes. The estimation also controls for changes in the foreign demand addressed to home exporters, for a euro dummy variable, as well as for an interaction term between the REER variable and the euro dummy in specifications 3 and 6.
Estimation results confirm that REER movements affect firm-level exports performance in the expected direction: the exchange rate elasticity for the average firm in our sample ranges from about -0.5 (ULC-based REER) to -0.8 (CPI-based REER), which implies that a 10% appreciation of the REER tends to reduce firm-level exports by 5% to 8%. This result is robust to the different specifications presented in Table 2 where we test our main specification with different sets of fixed effects and controls.
We also find that an increase in foreign demand boosts export revenues as expected, with an elasticity slightly above unity and very stable across the various specifications. Being a euro country does not affect significantly firm-level exports growth when we control for all the fixed effects included in our specification, and non-euro countries do not react differently to REER movements compared with euro countries.
As the exchange rate elasticity may be different in the short or medium run, we proceed to a robustness estimation where we consider now both REER variations in the current year (t) and with one lag (t-1). Estimation results presented in Table 3 show that while REER variations tend to have no significant effect on the average firm-level exports in the short run (t), more sizeable effect is identified in the medium-run (t-1). These results confirm that the impact of exchange rate variations on export volumes may amplify over time (Ruhl, 2008; Alessandria et al., 2014) .
4 Firm heterogeneity within-country.
Empirical methodology.
We now exploit the information contained in our dataset related to the productivity level of firms within each country, sector and year. Starting from the information stratified by productivity deciles, we created three productivity groups within each country and sector, which are identified by three productivity-class dummy variables. These three productivity groups of firms are identified as follows : P z kt : Cat 1 = {1, 2}; Cat 2 = {3, 4, 5, 6, 7, 8}; Cat 3 = {9, 10}. Category 1 corresponds to the bottom 20% of firms in terms of productivity in a given country, sector and year; category 3 corresponds to the top 20%; category 2 corresponds to the rest of firms with an intermediate productivity level (identifying 60% of the firms).
Each of these dummies is interacted with the REER variable. We obtain three coefficients that allow us to identify the impact of REER variations on export revenues. Our main specification is detailed in Equation 2:
Alternative sets of fixed effects are used to test the robustness of our estimations. In one specification, we use country-year dummies (λ it ), so that the effect of REER variations on exports is identified in this case relative to the reference group of firms, which will be the category of the most productive firms (the REER variable will be absorbed by the country-year fixed effects). Table 4 reports the results of the estimation of Equation 2, when the CPI-REER (columns 1 to 3) or the ULC-based REER (columns 4 to 6) is used. In each column, we obtain 3 elasticities, each corresponding to a specific productivity group (2 elasticities in columns 3 and 6 when countryyear dummies are included). The results indicate that less productive firms tend to react more to REER changes compared with highly productive firms. For instance, the bottom 20% of firms in terms of productivity have an elasticity of about -1.3 when we consider the CPI-based REER (column 2) or -0.8 with the ULC-based REER (column 5), whereas the elasticity obtained for the 20% most productive firms in each country and sector is respectively -0.4 and -0.1, and the effect is insignificant in both cases. These results are not driven by our specific sample of countries or sectors, and they are robust to the exclusion of any given country or sector from our sample.
Estimation results.
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Including country-year dummies in the estimation allows controlling for unobserved country-specific effects. In this case, all the identification is based on the heterogeneous response of exporters to REER movements, and the category of the most productive firms is omitted and serves as the reference category. Results reported in columns 3 and 6 confirm our previous results: the least productive firms in each country and sector are much more responsive to REER movements than most productive and average productive firms.
Overall, our results show that there exists a considerable heterogeneity in REER elasticity across firms. The least productive firms react up to eight times more than the most productive firms in a country and sector (i.e. comparing to very similar firms except productivity), consecutive to REER variations. The results also show that this heterogeneity is far from being a linear function of productivity. Rather, there is a considerable difference between the least productive firms and the rest of the firms within each sector.
Robustness analysis.
Alternative thresholds. As the results presented above may be subject to different biases related to the definition of the firm productivity categories, we report in this section the results from robustness tests where we consider three categories of firms' productivity within each country and sector, but with different thresholds as compared with the baseline exercise: the category of low productive firms is now defined as the bottom 30% of firms in terms of productivity, whereas the category of high productive firms is now defined as the top 30% of the distribution. We therefore have three new dummy variables P z kt defined as follows: Cat 1 = {1, 2, 3}; Cat 2 = {4, 5, 6, 7}; Cat 3 = {8, 9, 10}.
The estimation results are reported in Table 5 . They confirm that the effect of real exchange rate movements is closely linked to the level of the firm's productivity within a country and sector, as less productive firms tend to react more compared with highly productive firms. In these estimations, the top 30% of firms in terms of productivity is now sensitive to CPI-based REER movements, whereas the elasticity for the top 20% was not significant.
The role of imports. In a second robustness test, we control for the role played by imports. As emphasized by Amiti et al. (2014) , importing allows exporters to hedge against exchange rate fluctuations, as the cost of their inputs declines when the exchange rate appreciates. This implies that the effect of REER movements may be partly attenuated due to the fact that some of the firms in our sample, and in particular the most productive ones, operate in international markets both as an exporter and as an importer.
To control for this particular channel, we construct a proxy for the import behavior within each country sector and year. Our micro-based cross-country dataset reports information regarding the percentage of the population of exporters in each cell which also imports. We control for this variable in our main specification, and interact it with the REER variable.
Estimation results are reported in Table 6 . A first important finding is that the baseline elasticity for the average firm is reinforced by this control (columns 1 and 3): the CPI-based and ULC-based REER elasticities are now similar and close to -1.4, against about -0.8 and -0.5 respectively in our baseline estimation. This result emphasizes the important role played by the firm-level import status, which provides exporters with an implicit hedging against exchange rate fluctuations, and attenuates the exchange rate elasticity on the export side.
To test for the robustness of our main estimation results based on the role of heterogeneity, we introduce in the estimated equation three interaction terms between productivity dummies and the REER. The estimation is therefore similar to Equation 2, but we now have in addition an interaction term between REER movements and the share of exporters. We obtain for each productivity category much larger elasticities compared with our baseline estimations: they are close to -1.9 (CPI-based REER) or -1.7 (ULC-based REER) for the last productive firms. These estimates are indeed closer to those provided based on import tariff variations. The main result however remains valid: the least productive firms are much more sensitive to REER movements than the most productive ones (about 3 times more with the CPI-based REER, and about 2 times more with the ULC-based REER).
Volatility of the export status. An other source of heterogeneity of the firms' response consecutive to REER movements could also be that the least productive firms are in general more volatile in terms of exports growth compared with other firms. The literature in international trade has indeed provided evidence that less productive, smaller, younger exporters tend to grow more rapidly in export markets, but they have as well a smaller probability of survival (Berthou and Vicard, 2015) . Therefore, the greater REER elasticity among the least productive firms could be related to the fact that these firms have in general higher growth rates in absolute value.
To control for the role played by this potential channel, we use the information contained in the trade module of the CompNet dataset, which reports in particular the percentage of "switchers" within each cell, i.e. the percentage of firms not being listed as "permanent" exporters over three consecutive years. This control is then interacted with the REER variable, as in the previous exercise.
Estimation results are reported in Table 7 . These estimations indicate that, as expected, a higher proportion of switchers tends to reinforce the effect of exchange rates on firm-level exports growth. But, overall, the main results remain qualitatively and quantitatively unchanged.
The position in the Global Value Chains. The firms' reponse to REER movements may also be related to their position in global value chains. Firms specialized in more upstream activities may react differently from more downstream firms (see f.i. Riad et al. (2012) ). If the position occupied in the GVC may be related to productivity, with countries x sectors with a large fraction of less productive firms specializing for instance in more upstream activities, this dimension may also affect our results. To control for the position of each sector x country pair in the global value chains, we computed the upstreamness measure proposed in (Fally, 2011) and in (Antras et al., 2012) .
We compute this indicator using the annual World Input-Output provided by WIOD. Based on this data, the most upstream sector in 2011 was the Finish manufacture of "computer, electronics and optical products", while the most downstream was the French manufacture of "Leather and Related Products". We introduced this variable in our Equation 2 interacting the demeaned upstreamness with the REER variation variable. The upstreamness is also introduced directly in our Equation 2.
Estimation results are reported in Table 8 . The results obtained point to a negative impact of sectoral upstreamness on the REER export elasticity but this impact is not significant. Overall, the main results are unaffected by this additional control.
5 Firm heterogeneity within and between countries.
Empirical methodology.
How does cross-country heterogeneity in terms of productivity distribution matters for the reaction of home firms' exports consecutive to REER movements? So far, we have considered productivity heterogeneity within countries only, without considering productivity differences across firms operating in the same sector, but located in different countries. In reality, firms operate and compete in integrated markets, so that the high productive firms in one country may be compared with firms being highly productive in their country, but less so when compared with foreign competitors. Rather than comparing firms based on a country-specific distribution of productivity, it is therefore possible to consider a cross-country productivity distribution for firms operating in a given sector, e.g. the productivity distribution of European car makers, where firms can be ranked without referring to their country of origin.
In order to test for the role played by firm heterogeneity in a cross-country setting, we now define three categories of firms' productivity within sector and year, corresponding to the bottom 33% (low productive firms), the top 33% (high productive firms) and the intermediate productivity category (average productivity firms). The productivity dummies associated with these categories are then interacted with the REER variables.
We firstly estimate the following equation where the REER variable is simply interacted with the labor productivity of each firm:
Where ln lprod f ikt−1 is the firm-level labor productivity lagged one year, calculated as the real value-added over labor employed. Alternatively, we define within each sector, three productivity categories P m kt supported by the entire distribution of firms within the EU sample:
5.2 Estimation results. Table 9 reports the estimation results when the REER variable is interacted with the productivity level of the firm. The interaction term between the real effective exchange rate and the lagged productivity is positive, meaning that less productive European firms tend to react more to REER changes compared with more productive European businesses. We obtain a similar finding with both the CPI-based REER and the ULC-based REER.
We complete this estimation with an alternative specification where productivity dummies identifying productivity groups among European firms are interacted with the REER variable. Estimation results reported in Table 10 confirm the previous findings: the most productive European firms are almost unresponsive to REER movements in all specifications, whereas the 33% least productive European exporters in a given sector are conversely quite sensitive to REER movements.
6 Aggregation.
The estimation results obtained so far have several implications for the elasticity of country-level exports vis-à-vis real exchange rate fluctuations in the short and medium term. Firstly, a greater concentration of aggregate exports into the most productive firms is expected to reduce the macroeconomic exchange rate elasticity. Secondly, cross-country differences in terms of the shape of the productivity distribution among exporters are expected to modify the macroeconomic exchange rate elasticity as well.
In order to assess quantitatively the importance of these two channels, we present in this section a back-of-the-envelope aggregation exercise where the macroeconomic exchange rate elasticity is computed for each country as a weighted average of the microeconomic elasticities obtained for each productivity category. We will firstly consider the effect of differences in terms of export concentration across countries (i.e. the role of allocation at the intensive margin), and then allow for differences in terms of the productivity distributions across countries (an extensive margin channel).
6.1 Cross-country differences in terms of export concentration.
We start by considering only the productivity differences within each country, which allows us to explore specifically the effect of export concentration. We compute the macroeconomic exchange rate elasticity as a weighted average of the microeconomic elasticities reported in Table 4 , where each microeconomic elasticity is a coefficient, and the weights correspond to the share of each firmtype z of sector k in country i's total exports θ zik . The macroeconomic exchange rate elasticity is calculated as follows:
θ zik × ε z (5) Figure 3 reports the distribution of the export shares for each country in our sample. The key finding here is that, while some heterogeneity exists between countries, a great majority of total exports in each country is made by the top 20% firms in terms of productivity. This implies that these firms will account disproportionately for the aggregate reaction of exports following REER movements, at least in the short or medium term.
The aggregate elasticities computed for each individual country are provided in Figure 4 . A first striking result is that CPI-based REER elasticities are about twice as large as ULC-based REER elasticities after aggregation, which reflects differences based on microeconomic estimates. This result can be explained by an incomplete pass-through of cost changes into prices. A second finding is that while some heterogeneity exists between countries due to differences in the concentration rate of exports among highly productive firms, this heterogeneity does not generate quantitatively important cross-country differences. ULC-based REER elasticities are estimated between -0.3 and -0.4 in each country, whereas CPI-based REER elasticities range between -0.6 and -0.7. Hence, while the concentration of aggregate exports into highly productive firms tends to attenuate the macroeconomic REER elasticity in each country, we end-up with only weak cross-country differences.
6.2 Cross-country differences in terms of productivity distributions.
We now consider cross-country heterogeneity in terms of the distribution of exporters' productivity. The macroeconomic exchange rate elasticity is now determined using the weight of firm-type m of sector k in country i's total exports (θ mik ). The allocation of firms into productivity categories m = {1, 2, 3} is determined by the ranking of each firm vis-à-vis all firms that operate in the same sector, irrespective of their country of origin (i.e. considering all European firms in-sample operating in the same sector). The macroeconomic exchange rate elasticity accounting for crosscountry differences in terms of the productivity distribution is calculated as follow:
The weights reported in Figure 5 suggest that there exists a great heterogeneity in terms of the microeconomic structure of countries' exports. In countries such as Finland, Belgium and France, a large majority of exports is made by firms being ranked as highly productive at the European level, whereas the reverse is true for Hungary, Slovenia or Estonia where firms are rather ranked into low or average productive European exporters.
The aggregation exercise presented in Figure 6 confirms the importance of accounting for the crosscountry heterogeneity related to productivity distribution. There is now more heterogeneity between countries, with the aggregate exchange rate elasticity ranging from -0.7 to -0.9 (CPI-based REER) or -0.1 to -0.7 (ULC-based REER). In Finland, Belgium and France, as aggregate exports are concentrated among highly productive European firms, the sensitivity of aggregate exports to REER changes is reduced. On the other hand, Lithuania, Slovenia and Hungary appear as much more sensitive to REER movements, as the export sector is concentrated among weakly productive European firms.
Aggregate trade margins decomposition.
So far the analysis focused on the response of aggregate exports to exchange rate movements through the intensive margin of exports (i.e. the exports growth of incumbent exporters). We have, however, ignored the response at the extensive margin through the net entry of exporters.
To explore the relative contributions of these two margins, we make use of a different file of the CompNet trade data reporting, for each country and sector, the total value of exports as well as the number of exporters (being restricted to firms with more than 20 employees). Using this information, we decompose the total value of exports of country i in sector k (X ikt ) into a number of exporters (N ikt ) and the average value of exports per firm (x ikt ). Taking logs and first-differentiating, the yearly aggregate exports growth in a country and sector can be decomposed as the sum of the growth of the number of exporters and the average value of exports per firm :
We use this decomposition to assess the effect of exchange rate movements on the margins of aggregate exports. We proceed in a similar fashion as with the firm-level estimations, and estimate Equation 7 using the growth of aggregate exports as the dependent variable, and then the number of exporters or the average value of exports per firm.
Estimation results are reported in Table 11 . The results show that the variation of the CPIbased REER and the ULC-based REER have slightly similar effects on aggregate exports: a 10% depreciation of the REER increases aggregate exports by about 5%. According to our estimations, about half of the effect is explained by the net entry of exporters, while the remaining effect comes from the contribution of the average value of exports per firm. Note, however, that the contribution of the average value of exports per firm is attenuated due to the presumably small size of new entrants.
We complete our investigation by testing for the role of the productivity of exporters for aggregate exports. To do so, we use information contained in the CompNet data about the productivity of exporters and their ranking on a cross-country scale. We define a new variable, Top exporters it , to identify countries having firms ranked in the top 10% of the cross-country productivity distribution of exporters. More precisely, Top exporters it is a dummy variable which takes the value 1 when country i has exporters ranked among the top 10% of exporters in terms of productivity in at least one sector among the sample of 11 countries, and 0 otherwise. This variable is then interacted with the REER variable.
Estimation results are reported in Table 12 . The estimation results confirm the results from previous estimations performed at the firm-level. We obtain a negative coefficient on the REER variable in all estimations, but a positive coefficient on the interaction term, meaning that aggregate exports tend to respond less to real exchange rate movements in countries populated with highly productive exporters. For instance, the estimation results from the first column with the CPI-based REER indicate that a 10% real exchange rate depreciation would increase aggregate exports by about 12% in countries populated with weakly productive exporters (this is the coefficient on the REER variable in column 1), against about 2% in European countries populated with highly productive exporters (this quantification is obtained by summing the coefficients on the REER variable and the interaction term in column 1). Similar result is obtained with the ULC-based REER.
Interestingly, the results reported in columns (2) and (5) show that the productivity distribution of exporters matters also at the extensive margin: real exchange rate movements have a weaker impact on the number of exporters in countries having highly productive exporters. This result can be explained by the fact that, controlling for other factors such as countries' geographical size, many firms already export in highly productive countries, so that there is less opportunities for new entries.
Finally, the estimation results at the intensive margin (columns 3 and 6) confirm our previous results as the interaction term is estimated with a positive coefficient: the effect of exchange rate movements on the average value of exports per firm is weaker in highly productive countries. This coefficient, however, is not statistically significant, which can be explained by the composition effect discussed above: new exporters' entry tend to reduce the average value of exports per firm, which attenuates the effect of the real exchange rate at the intensive margin in our decomposition.
Overall, these estimation results confirm that cross-country differences in the productivity distribution of exporters can have a large impact on the aggregate response of exports consecutive to exchange rate movements.
Conclusion.
In this paper, we questioned the role played by firm heterogeneity for the determination of the exchange rate elasticity of exports at the firm and macroeconomic level. We provided an estimation of the elasticity of firm-level exports with respect to real effective exchange rate variations, for a panel of 11 European countries. While we confirm the weakness of the microeconomic exchange rate elasticity on average, substantial heterogeneity is recorded between firms operating in a given country and sector. The least productive firms tend to be much more reactive to real exchange rate movements, while the most productive firms are quite unreactive.
Allowing for differences in the shape of the productivity distribution across countries allows us to enrich the analysis, as within a given sector, firms can be ranked in productivity terms irrespective of their country of origin. We find in particular that the ranking of exporters on the cross-country productivity scale is an important determinant of their reaction consecutive to exchange rate movements. In our dataset of European firms, the least productive European exporters react more to real exchange rate movements compared to the most productive European ones.
In an aggregation exercise, we assess the role played by the concentration of exports within each country, and differences in terms of the productivity distribution of exporters across countries. We show that the concentration of aggregate exports into more productive firms tends to dampen the macroeconomic exchange rate elasticity. It generates, however, only little cross-country differences, as highly productive firms concentrate a large share of aggregate exports in each country of our sample. Conversely, cross-country differences in terms of the shape of their productivity distribution among exporters have strong implications for the macroeconomic exchange rate elasticity. In particular, countries concentrating more productive firms among the set of European exporters in our sample tend to be less responsive to real exchange rate movements, compared with countries where the least productive European exporters are located.
In other words, our findings imply that real effective exchange rate variations have a larger impact on aggregate exports in countries populated with a higher density of less productive firms, and less impact in countries where highly productive firms are located. Note: Authors calculations based on Bruegel real effective exchange rates dataset (Darvas, 2012) . Note: estimations based on the CompNet trade module data for 11 European countries (Belgium, Estonia, Finland, France, Hungary, Italy, Lithuania, Poland, Portugal, Slovakia, Slovenia). ∆ ln REER it is the average of the delta logs of the real exchange rate in t and t-1. Significance levels: *** p<0.01, ** p<0.05, * p<0.1. X ikt is the aggregate value of exports in country i and sector k. N ikt is the number of exporters. x ikt is the average value of exports. Top exporters it is a dummy variable which takes the value 1 when country i has exporters ranked among the top 10% of exporters in terms of productivity in at least one sector among the sample of 11 countries, and 0 otherwise.
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